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Introduction
Breastfeeding practice is the biologic norm for Homo sapiens and dates back some 40,000 years. Until the last several decades, breastfeeding was the norm, and wet-nursing was the only alternative to allow infants to survive. Although pediatricians overwhelmingly agree that breastfeeding is best for babies, in the United States today, only 68% of all new mothers even attempt it, and at least 50% abandon it quickly. The United States Public Health Service Healthy People 2010 Initiative calls for an increase in the rate of breastfeeding to 75% at birth, 50% at age 6 months, and 25% at 1 year of age ( Figure) . The presence or absence of breastfeeding affects the economics of the family and the community. Multiple studies confirm that the annual cost to the United States health care system from women not breastfeeding is several billion dollars. Promoting breastfeeding can decrease costs for public health programs such as The Special Supplemental Nutrition Program for Women, Infants, and Children, parental employee absenteeism as a result of decreased infant illness, environmental burden for disposal of formula cans and bottles, and energy demands for production and transport of artificial feeding products.
Physiology of Lactation
During pregnancy, the breast grows larger, the diameter of the areola increases, pigmentation increases, the nipples become more erect, and the veins become more prominent. Various hormones stimulate breast growth: prolactin and placental lactogen stimulate nipple and areolar growth; estrogen facilitates the proliferation and differentiation of the ductal system; and progesterone promotes an increase in size of the lobes, lobules, and alveoli. During the first half of pregnancy, the ductal tree grows and proliferates, and additional lobules form. The second half of pregnancy is characterized by acceleration of secretory activity and distention of alveoli from accumulating colostrum. After 16 weeks of pregnancy, lactation occurs, even if the pregnancy does not progress.
The volume of milk secreted by the mammary cells remains small until after the infant is born. After delivery of the placenta, serum progesterone and estrogen concentrations fall, and negative feedback by these hormones on pituitary prolactin release is lost. Prolactin concentrations rise, leading to increased milk synthesis. When the neonate begins suckling, the posterior pituitary hormone oxytocin is released. Oxytocin causes the milk-ejection reflex or letdown, a contraction of the myoepithelial cells surrounding the alveoli necessary for the ejection of milk.
The rate of milk synthesis after each breastfeeding episode varies and is related to the degree of emptiness or fullness of the breast; an emptier breast makes milk faster than a fuller one. Thus, breastfeeding is not a major factor for the initiation of lactation, but it is essential for the continuation of lactation. Lactogenesis also is susceptible to outside influence. Certain conditions, such as type 1 diabetes mellitus, obesity, polycystic ovary syndrome, placental retention, and stress, can delay or diminish lactogenesis. The reasons for this delay are not clear. Human milk production is related to an infant's demand. Infants have the ability to self-regulate their milk intake.
Composition of Human Milk
Human milk is unique and species-specific. All substitute feeding preparations differ markedly from it, making human milk superior for infant feeding. Human milk is rich in proteins, nonprotein nitrogen compounds, lipids, oligosaccharides, vitamins, and minerals. In addition, it contains hormones, enzymes, growth factors, and many types of protective agents.
Colostrum
The first milk secreted by the postpartum woman is colostrum. Human colostrum differs from mature milk. The energy value is about 67 kcal/100 mL compared with the 75 kcal/100 mL for mature milk. The volume varies with the parity of the mother and the number of feedings. The concentrations of sodium, potassium, and chloride are greater than those of mature milk. Protein, fat-soluble vitamins, and minerals are present in greater percentages than in transitional and mature milk. The high level of antibodies may provide protection against the bacteria and viruses that are present in the birth canal. Colostrum facilitates the passage of meconium and establishment of Lactobacillus bifidus flora in the infant's gut.
Mature Milk
Mature human milk contains fat, carbohydrates, and protein as substrates for infant nutrition. The fat of human milk provides about 50% of its calories. Triglycerides are the primary constituents of the fat. The lipid fraction provides essential fatty acids. Human milk is rich in long-chain polyunsaturated fatty acids, including docosahexanoic acid and arachidonic acid, which are associated with higher visual acuity and cognitive ability in the infant. The fats of human milk and cow milk are qualitatively different, with human milk containing more of the absorbable triglyceride olein and cow milk containing more volatile fatty acids (butyric, capric, caproic, and caprylic). These differences may result in the preterm or sick infant possibly developing steatorrhea after ingesting cow milk.
Lactose is the primary carbohydrate in human milk, although small quantities of galactose and fructose also are present. Lactose enhances calcium absorption and is metabolized readily to galactose and glucose, which supply energy to the infant. Human milk consists predominantly of whey proteins; cow milk mostly has casein. Whey protein is composed of five major components: alpha-lactalbumin, serum albumin, lactoferrin, immunoglobulins, and lysozyme. The latter three elements play important roles in immunologic defense. Human milk also contains free amino acids, including essential amino acids, as well as nucleotides. Table 1 lists comparisons between human milk, cow milk, and some infant formulas. About one third of infants who are allergic to cow milk protein may be allergic to soy protein, as well; in such cases, protein hydrolysate formulas are used. The standard caloric content for all formulas is 20 kcal/oz.
The amount of vitamins and micronutrients in human milk varies, depending on the diet and genetic differences of mothers. Generally, as lactation progresses, the level of water-soluble vitamins in human milk increases and the level of fat-soluble vitamins declines. Human milk is a good source of vitamin A and vitamin E, but has very little fat-soluble vitamin D. The risk of vitamin D deficiency rickets is greatest for dark-skinned children living in inner-city areas and for infants of solely breastfeeding mothers eating strict vegetarian diets. All breastfed infants should receive 200 IU of oral vitamin D drops daily. (1) Human milk contains small amounts of vitamin K. A few days after birth, enteric bacteria produce sufficient quantities of the vitamin, but until ingestion of copious amounts of human milk promotes gastrointestinal (GI) bacterial colonization, neonates are susceptible to vitamin K deficiency-induced hemorrhagic disease. To prevent this condition, 1 mg of vitamin K is administered routinely intramuscularly to infants immediately after birth. Mothers consuming strictly vegan diets may produce milk that is deficient in vitamin B12, as well. The total mineral content in human milk is higher in the first days after birth and slowly decreases throughout lactation. Although human milk has only a small amount of iron, breastfed babies rarely develop iron deficiency because iron absorption is facilitated by the high lactose and vitamin C concentrations of human milk. Several anti-inflammatory and protective factors have been identified in human milk and their functions delineated ( Table 2) .
Benefits of Breastfeeding Child Health Benefits
Human milk provides optimal nutrition to the infant, facilitating adequate growth and development. Research studies among term and preterm infants have shown significant improvements in developmental outcomes of breastfed infants compared with formula-fed infants. In addition, growing evidence suggests small, but significant, cognitive benefits for breastfeeding. When tested at 7 to 8 years of age, children who were breastfed as infants for 8 months or longer had mean verbal intelligence quotient (IQ) scores 6 points higher and performance IQ scores nearly 4 points higher than those who did not receive human milk, after statistical control of social and perinatal factors associated with breastfeeding such as birthweight, multiplicity, gestational age, maternal age, education, and family income. (2) 
Anti-infective Properties of Human Milk
Human milk provides protection against disease. The high concentrations of secretory immunoglobulin (Ig)A, enzymes, other Igs, and leukocytes provide broad-spectrum protection against infections and chronic conditions. Breastfeeding helps to prevent infantile diarrhea and other GI infections. It is now well established that ingested antibodies from human milk can provide local GI immunity against specific enteric pathogens, including Campylobacter jejuni, Clostridium difficile, Escherichia coli, Giardia lamblia, rotavirus, Salmonella typhimurium, Shigella sp, and Vibrio cholerae. The degree of protection is related to the amount of human milk an infant receives; exclusive breastfeeding is associated with greater protection.
Studies of the protective effects of breastfeeding against respiratory tract infections offer conflicting results. Several studies suggest that breastfeeding helps to prevent respiratory illnesses; (3) others indicate little protection. There is, however, strong evidence that human milk protects against respiratory syncytial virus infection. (4) Similar protection has been established against Haemophilus influenzae bacteremia and meningitis as well as pneumonia caused by Streptococcus pneumoniae. Breastfeeding also provides protection against ear infections and atopic disorders.
Protection from Chronic Disease
Breastfeeding contributes to the prevention of diabetes, celiac disease, childhood cancer, sudden infant death syndrome, obesity, and many other health problems. The longer the duration of breastfeeding, the greater is its protective effect. The protection by human milk against illness extends beyond infancy to childhood and adulthood. Exclusive breastfeeding during the first months after birth is associated with lower asthma rates 
Benefits for the Mother
Breastfeeding and lactation decrease postpartum bleeding and promote more rapid uterine involution. They decrease the risk of breast and ovarian cancer and possibly decrease the risk of hip fractures and osteoporosis in the postmenopausal period. They definitely promote development of bonding and attachment between the mother and the infant.
Contraindications to Breastfeeding Medical Disorders
Breastfeeding is optimal for infants, but there are a few conditions when breastfeeding is not in the baby's best interest. Breastfeeding is contraindicated for infants who have classic galactosemia, an autosomal-recessive disorder in which the liver enzyme galactose-1-phosphate uridyltransferase is absent. Affected infants are unable to metabolize lactose or galactose, leading to liver failure and mental retardation. When this diagnosis is suspected, abrupt weaning from breastfeeding is necessary. Mothers who have active untreated tuberculosis disease should be separated from their infants and advised to suspend breastfeeding until the mother and infant are receiving appropriate antituberculosis therapy. The mother should wear a mask and adhere to infection control measures. Separation is no longer necessary once the infant is started on isoniazid. However, if multidrugresistant tuberculosis is suspected, the infant should remain separated from the mother even after he or she is started on isoniazid. (6) 
Viruses
Human milk can transmit certain viral diseases. The viruses that can be identified in human milk and their impact on breastfeeding are listed in Table 3 .
The World Health Organization recommends avoidance of all breastfeeding by human immunodeficiency virus (HIV)-infected mothers when replacement feeding is acceptable, feasible, affordable, sustainable, and safe. Women in developed countries who are HIV-positive should not breastfeed their offspring, but in the developing world when replacement feeding is not feasible or safe, exclusive breastfeeding is recommended during the first postnatal months. (7) The exact risk of transmission is unknown, but risk is probably higher in mothers who have higher viral loads.
The human lymphotropic virus HTLV-1, associated with adult T-cell leukemia and lymphoma, is uncommon in the United States. HTLV-2 is a related retrovirus. Mothers who are HTLV-1-or -2-positive should not breastfeed.
Women who have herpetic lesions on their breasts should refrain from breastfeeding. In the absence of breast lesions, the newborn can breastfeed and roomin, but scrupulous hand washing and covering of any lesions is recommended to prevent possible crosscontamination.
Medications
Almost all drugs are excreted into human milk to some degree, but only a very few are unsafe for the infant. 
Conditions That Are Not Contraindications to Breastfeeding
Breastfeeding is not contraindicated for infants born to mothers who are hepatitis B surface antigen-positive. All such infants should receive hepatitis B immunoglobulin (HBIG) and hepatitis B virus (HBV) vaccine within 12 hours after birth. Multiple studies have shown that breastfeeding does not appear to increase the rate of infection among neonates; moreover, in areas of high HBV prevalence, lack of breastfeeding places the infant at greater risk of contracting the disease. Maternal hepatitis C virus (HCV) infection is not a contraindication for breastfeeding. (1) The overall rate of maternal-infant HCV transmission among breastfed infants is similar to that of formula-fed infants. It has been suggested, but not shown, that the presence of cracks or fissures in the nipple poses a risk for transmission of HCV. Some experts believe that mothers should be counseled about potential risks.
Although transmission of cytomegalovirus (CMV) through breastfeeding has been established, no serious illness or clinical symptoms in neonates fed CMVpositive human milk have been reported. Breastfeeding is not contraindicated for healthy term infants whose mothers have CMV infection. However, decisions about breastfeeding of preterm and immunosuppressed infants should be made with consideration of the potential benefits of human milk versus the risk of CMV transmission. Freezing and pasteurization can decrease the CMV viral load in milk significantly.
Maternal tobacco smoking is not a contraindication to breastfeeding. Clinicians, however, should advise mothers to avoid smoking within the home and to make every effort to wean themselves from tobacco. Women who have a history of breast reduction are at risk of insufficient lactation. Those diagnosed with breast cancer can continue breastfeeding. However, when chemotherapy begins, the infant must be weaned. Inverted nipples should not impede breastfeeding. Usually the degree of inversion lessens as breastfeeding continues. Women who have acute mastitis should continue frequent breastfeedings.
Breastfeeding Considerations in Normal and Special Situations American Academy of Pediatrics (AAP) Recommendations on Breastfeeding for Healthy Term Infants
In its most recent recommendations, the AAP has taken a very strong position on promoting breastfeeding. (1) Recommendations include exclusive breastfeeding for the first 6 postnatal months and continuation of breastfeeding for at least the first year and beyond, as long as desired by mother and child. Complementary foods rich in iron and supplementary fluoride should be introduced beginning around 6 months of age. The AAP suggests enthusiastic support of breastfeeding by all health-care professionals as well as recognition and sensitivity to cultural differences regarding breastfeeding attitudes and practices. Pediatricians should recommend human milk for all infants in whom breastfeeding is not contraindicated. When direct breastfeeding is not possible, expressed human milk should be provided. Education of both parents before and after delivery is an essential component of successful breastfeeding.
Healthy infants should be in direct skin-to-skin contact with their mothers immediately after birth. After the recovery period, mother and infant should sleep in proximity to each other to facilitate breastfeeding. Water and other fluids should not be given to breastfeeding infants unless specifically ordered by the physician.
During the first weeks of breastfeeding, the infant should have 8 to 12 feedings every 24 hours. After breastfeeding is well established, the frequency of feeding may decline to about eight times per 24 hours. The mother should offer both breasts at each feeding for as long as the infant remains at the breast. In the early weeks after birth, infants should be aroused to feed if 4 hours have passed since the last feeding. It is recommended that trained medical personnel in the hospital evaluate breastfeeding at least twice daily, including observation of position, latch, and milk transfer. Follow-up of breastfeeding infants after hospital discharge is critically important. The AAP recommends early follow-up within 2 days of discharge for any infant sent home when he or she is younger than 72 hours of age. An infant who has many risk factors might need to be seen earlier (within 24 h of discharge). The healthcare professional should evaluate the infant's weight, hydration status, and the presence or absence of jaundice. Markers of successful breastfeeding are listed in Table 5 . The next ambulatory visit can be scheduled at 2 to 3 weeks of age so the physician can monitor weight gain and provide additional support. Exclusive breastfeeding is one of several risk factors for worsening hyperbilirubinemia in the infant.
Nursing While Pregnant
Pregnancy can occur while lactating. There is no need to wean the first infant from the breast. It is possible to lactate throughout pregnancy and to have both infants at the breast postpartum. This feeding pattern can be used without any apparent ill effects on the nourishment of the new infant. The mother should be provided with psychological support as well as adequate rest and nourishment.
Breastfeeding Newborns Who Have Special Needs
PRETERM OR ILL INFANTS. In this situation, breastfeeding may be delayed for days or weeks. Medical personnel should advise mothers to begin expressing milk within hours of giving birth. Mother-infant skin-to-skin contact and direct breastfeeding should be encouraged as early as possible. If the respiratory status of the infant precludes direct breastfeeding, gavage feedings with expressed human milk may be considered. Fortified human milk is recommended for many low-birthweight infants. Banked human milk can be a suitable alternative for infants whose mothers are unable or unwilling to breastfeed.
MULTIPLE INFANTS.
Most mothers of multiple infants are capable of producing most or all of the milk required for two to four infants. These mothers need substantial help and support with early feedings. Simultaneous feeding saves time, but it is important to assess each infant initially at the breast separately. DOWN SYNDROME. Hypotonia, abnormal anatomic structure of the oral cavity, and significant congenital heart disease may affect breastfeeding of infants who have Down syndrome. Large, flattened tongues cause difficulty latching on. In addition, affected infants may have difficulty swallowing and are at increased risk of pulmonary aspiration. Feeding usually improves as the infant's muscle tone improves. Despite these challenges, the prevalence of breastfeeding among patients who have Down syndrome is similar to that of the general population. Very close monitoring of growth and development is imperative for children who have Down syndrome and are breastfed exclusively.
CLEFT LIP AND PALATE. Studies reveal that approximately 25% of infants who have cleft lip and palate have early feeding problems, leading to poor weight gain over the first few postnatal months. Patients who have isolated cleft lip have better feeding records and faster weight gain compared with those who have isolated cleft palate. Common feeding problems include inability to generate negative sucking pressure in the oral cavity, excessive air intake, nasal regurgitation, and fatigue. However, for patients who have cleft lip/palate, breastfeeding offers several benefits over bottle-feeding. It allows a better seal due to pliability of the human breast, promotes development of oral and facial muscles, and decreases the risk of ear and respiratory infections. After repair of the cleft, experts recommend resumption of nursing as early as possible, if not in the immediate postoperative period.
Practical Issues in Breastfeeding Guidelines for Collection and Storage of Expressed Human Milk
It is very important to maintain cleanliness to minimize bacterial contamination in the process of collection. The Freshly expressed human milk can be used safely for up to 8 hours at room temperature, but the potential for contamination is greater when milk is not refrigerated. Various studies support storing milk in a refrigerator (4°C/39°F) for up to 5 days without increasing the risk of bacterial contamination and to facilitate retaining some cell viability. Because refrigerated milk separates, the container should be shaken vigorously before feeding the baby. Milk can be kept for 3 months in a selfdefrosting freezer and for 12 months in a freezer that has no defrost cycle that maintains a temperature of 0°F (Ϫ20°C). The milk should be thawed in the refrigerator and used within 24 hours. Defrosting in the microwave is not recommended.
Banking Human Milk
The Human Milk Banking Association of North America was established in 1985. It supervises collection, screening, processing, storing, and distribution of donated human milk for infants who are prescribed human milk. Donors are screened carefully and are taught how to express their milk by using sanitary collecting methods. Donated milk is treated by heat to destroy any bacteria or viruses. Common reasons for prescribing donor milk include allergies and formula intolerance, prematurity, failure to thrive, immunologic deficiencies, and postoperative nutrition.
Conclusion
Breastfeeding ensures the best possible physical health as well as developmental and psychosocial outcomes for infants. Overwhelming evidence supports strong recommendations to increase and sustain breastfeeding in the population. The biologic and immunologic markers in human milk, such as the specific antibodies and cellular factors as listed in Table 2 , are very important to infant health, as are the various nutrients. There are very few absolute contraindications to breastfeeding. It is imperative that pediatricians and other medical care practitioners have an in-depth understanding of the innumerable benefits of breastfeeding. Breastfeeding should become a cultural norm among all women, regardless of education and socioeconomic status.
